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ABSTRACT 
The purpose of this paper is to evaluate an existing government 
owned and operated central heating system to determine if a more eco- 
nomical method of providing steam requirements can be determined. Five 
possible solutions are considered. Through cost comparison, the most 
economic solution is determined, first on the basis of total cost to 
own and operate, and then on the basis of cost to operate only. 
The most economic solution is the operation of the existing 


system with a reduction of personnel. 
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PART I. 


INTRODUCTION 


The evaluation of a central heating system for a government 
facility presents the same problems as the evaluation of a similar pri- 
vately owned systeme Costs must be calculated for several alternatives. 
Cost of these alternatives must be evaluated considering the cost of 
both ownership and operation. 

The basis for determining costs, especially fixed costs, is 
an area in which the government has deviated from private industrye 
Recently in a move to place government industrial operations on stand- 
ards similar to those of private industry, the costs chargeable to the 
government are being calculated on the same basis as in industry. 

Under study is a system which provides the steam requirements 
to a government owned and operated facility located in "Upstate" New 
York. The steam is provided by a centrcl plant, which consists of two 
50,000 lb/hr boilers (installed in 194€) and two 100,000 1b/hr boilers 
(installed in 1956). Saturated steam at 115 psig is generated by the 
automatic burning of No. 6 fuel oil and distributed to the points of use. 

In 1946, the distribution system was rehabilitated and placed 
in a like new condition. A further rehabilitation occurred in 1956, 
along with the installation of additional boiler capacity. This system 
now provides steam to 47 buildings and there are no additional buildings 
planned. 

The system operates on a 24 hour a day schedule, employing 25 
civil service personnel. 


This evaluation considers the following alternatives: 





(1) 
(2) 


(3) 
(4) 


(5) 


Continued operation of the existing system, 

Operation of the existing system with a reduction in 
personnel, 

Installation of a new distribution systen, 

Installation in the existing system of an automatic boiler 
for the process load in the summer, 


Rehabilitation of deteriorated steam line insulation. 





PART II. 


DETERMINATION OF STEAM LOADS AND STEAM GENERATION 


In estimating steam requirements building loads must be calcu- 
lated. (Each building load consists of heating, hot water, and process 
steam loads.) In addition, auxiliary load and line loss is determined 


to estimate the steam generation. 


Building Loads 


Heating Loed* 

Heating load is estimated by grouping buildings of similar 
heat loss characteristics together. The heat loss from one building of 
each group is calculated in detail. Then, with gross volume as a para- 
meter, the heat loss from other buildings within the group is evaluated. 
To estimate heat loss for the housing group, net heated floor area is 
the parameter. Hourly design heating loads are converted to annual 
steam consumption by the degree day methcd. Industrial degree days 
oer base) are used for the storage areas and the conventional 65° base 


for other areas. 


Hot Water 
Maximum hot water load is obtained from presently installed 
equipment which is adequate for the service required. Annual steam con- 
sumption for hot water heating considers both installed capacity and a 
*Heating Ventilating Air Conditioning Guide. 1958. Vol. 36, 


Che 12 and Ch. 18. Calculation of heating loads is given in 
Appendix A. 





demand factor.* 


Process Steam Load 
Annual process steam consumption is estimated from a typical 
load curve for summer weekdays. Peak loads are determined by consider- 


ing installed equipment. 


Steam Plant Loading 


Line Losses 
Line losses are evaluated by use of a typical summer weekend 
load curve for the existing system. To determine line losses for new 


or re-insulated lines, manufacturer's test data**is utilized. 


Auxiliary Load 


The auxiliary load is determined through the use of heat bal- 


ance calculations on pieces of plant equipment which consume steam. 


Steam Generated 

Steam generated is the sum of the previously mentioned loads: 
(1) heating load, (2) hot water load, (3) process steam load, (4) line 
losses, and (5) auxiliary steam loads. These estimates are reasonable, 
in that they compare favorably with records of steam generated by the 
boiler plant during the year 1959. Estimated steam requirements compare 


with actual steam generation within 6%. 


vollenioin ae Aes 





** Johns-Manville A. a ies Ae File Noe 37-D-2.6 Pe 11-19. 





Table I Steam Loads 


Historical 
Load 1959 

Line loss 47,304,000 
Hot water 5,734, 160 
Process Zl 70? [000 
Heating 167,267,490 
Auxiliary 39,397,561 
TOTAL 281,141,151 


Alternative 


ADS ays 


47, 304,000 
5,734, 160 
21,708,000 
181,931,499 
41,784, 556 


298,462,215 


lbss Der hrs 


Alternative 


eet ee 
10, 316, 788 
5,734, 160 
21,708, 000 
181,931, 499 
355 736,407 


2554453, 854 


Alternative 
by 


28, 844, 856 
5,734, 160 
21,708,000 
181,931,499 
40,779,107 


278,998,107 


Alternative 


ee 
43,967,780 
5,734,100 
21,708,000 
181, 931, 499 
rae 


294,916,414 


5 
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PART III. 


DETERMINATION OF COSTS 


Total annual cost is taken as the sum of the fixed cost and 


operating cost. 


Fixed Cost 


System Cost 


System cost is the cost of both the steam generating plant 
and the distribution system. This cost is based on actual cost records 
when possible. 

Cost of construction necessary under Alternatives 3, 4, and 
5 is arrived at by considering charges for material and installation 
(labor, overhead, profit, insurance, etc.e). Material costs are based on 
manufacturers! prices. By consideration of several sections where new 
construction is contemplated, detailed cost estimates indicate total 
cost may be reasonably approximated for relative evaluation purposes by 
considering total cost to be 2.5 times the material cost. This agrees 


fairly well with general costing as recommended by manufacturers of e- 


quipment. 
Table JI Cost of System 
Installation Rehabilitate 
Existing Reduced New Dist. of a "Summer Existing 
System Personnel System System" Lines 
Description Alt. l faites 2 Alivia Alt. + A trees 


Cost of System 
Plant $1,890,699 $1,890,699. $1,890,692 $1,890,699. $1,890, 699. 
Dist. 42,295. 42, 295. 358, 480. HH2, 295. 452, 540, 





Installation Rehabilitate 


Existing Reduced New Dist. of a "Summer Existing 
System Personnel System System" Lines 
Description _ Alt. 1 Agi 2 Rite.3 et. 4 Ait. 5 
Summer 
TOTAL $2,332,994. $2,332,994. $2,249,179. $2,391,289. $2,363,009. 
Capital in- 
vestment $ Orme O $ 358,480. $ 58,295. $ 10,245. 


required 


Fixed Cost 

Fixed costs consist of depreciation, interest, taxes, and in- 
surance. These costs are calculated on the basis of capital investment 
and the assumption that salvage value of the property is equivalent to 


cost of removal. 


Table LI1. FixeadsGost Rates 


Cost Rate Source 


Depreciation 20 year - straight linc Treasury Bulletin F 


Interest Lag current government rate 

Taxes $68.54/$1000. rate in local area 

Insurance $0 .044/$100. New York Fire Insurance Rating 
Organization 


Operating Costs 


Operating costs are made up of charges for fuel, water, elec 
tric power, other supplies, and personnel for operations and maintenance. 


These figures result from 1959 costs. 





Table IV Summary of Fixed and Operating Costs* 
Item of Cost 1959 fale 2 Ait. 3 Moke 8 Alte 5 


Fixed costs 


Depreciation $116,649. $116,649. $112,459. $119,564. $117,157. 
Interest 55,117. = 55,1172 = 53,137. = 56, 494. = 55, 357 
Taxes 159,903. 159,903. 154,158. 163,898. 160,599. 
surance DOB as 102s On UiOB2e aeogies 
TOTAL $332,696. $332,696. $320,744. $341,008. $334,144. 


Operating costs 


Fuel $137,039. $145,678. $124,684. $136,154. $143,922. 
Water 2,684. 2,846. 2,436. 266i 2 Cilea 
Electricity 2,105. 2258. Tseilis, 2uGO2e 2upie 
Operation supplies 1,500. 1,500. 1, 500. 1, 500+ 1500. 


Operations labor 95,229. 50,966. 50,966. 43,3736 50,966. 


Maint. labor 16, 687. 16,687. 16 j6cis 19,205. 16,687. 

Maint. materials 6,000. 6,000. 6,000. 620008 6,000. 

Supervision & 

Clerical 12768: 126763 1227 68 IZA7GS. 2768. 

Mise ° materials 2006 ZO0% ZOU « 200. pAvOR 
TOTAL $274,208. $238,883. $217,156. $224,022. "5237, 0ce 


*Detailed calculations in Appendixes B, C, D, E, and F. 


* . 
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PART IV. 


DESCRIPTION OF ALTERNATIVES 


Alternative 1* Continued Operation of the Existing System without Change 


During the heating season, all distribution lines are utilized 
to supply steam requirements. Boilers are operated in pairs (one 
100,000 lb/hr and one 50,000 lb/hr unit) which alternate monthly. The 
base load is carried by the larger unit while the second unit is used to 
handle peak loadings. 

During the summer, only lines required for process steam dis- 
tribution are kept under pressure. (Hot water service is provided by 
electric resistance elements installed on all tank equipment). One 
50,000 lb/hr boiler provides all steam requirements during this season. 

Boiler control is automatic from a central board. Buildings 
have various types of thermostatic control depending upon installed 
heating elements. Five buildings are equipped with night set-back. in 
addition, when extended weather forecasts indicate mild weekend weather, 
manual control is used to reduce steam consumption. 

Twenty-five civil service personnel are employed. The opera- 
tion's crew consists of five men per shift, one engineer, one senior 
fireman, two firemen and one steam fitter (part time) for a total of 
twenty. Maintenance is accomplished by three mene A plant manager and 


one clerk perform all management functions. 


*Summary of costs is given in Table V, p. 13. 
Calculations are given in Appendixes B and C. 





Ake) 


Alternative 2* Operation of the Existing System with Reduced Personnel 


Operation schedule is identical to that previously described 
under Alternative l. 

The operations crew is reduced from five to two men per shift. 
This employment level is consistont with current practice in the govern- 
ment and private industry. Maintenance and management personnel levels 
are uneffected. 


No capital investment is required. 


Alternative 3** The Installation of a New Distribution System 


During the heating season, all distribution lines are utilized 
to deliver the steam requirements. One 100,000 lb/hr boiler is required 
to meet the estimated steam requirements. 

During the summer, only lines required for process steam dis- 
tribution are kept under pressure. One 50,000 lb/hr is utilized to 
provide all steam requirements. Control utilized is identical to that 
indicated under Alternative l. 

Personnel level is identical to that indicated under Alterna- 
tive 2. 

Since the existing steam plant is utilized, no new construc- 
tion within the plant is anticipated. A new distribution system re- 
places the existing system, which is removed for salvage value. This 
system is designed for the existing requirements considering that the 

*Summary of costs is given in Table V, p.- 13. 
Calculations are in Appendix C. 


**Summary of costs is given in Table V, pe 13. 
Calculations are given in Appendix D. 





facility is fully developed. 

Steam lines in industrial areas are overhead where possible. 
Overhead arrangement results in decreased installation and maintenance 
costse 

As the capital investment for a new distribution system pre- 
cludes its use, the additional investment required to install an auto- 


matic boiler for summer process steam requirements can not be justified. 


Alternative 4* Installation in the Existing System of an Automatic 
cess Load in the Summe 

Operations during the heating season are identical with those 
described under Alternative l. 

During the summer, the central steam plant remains idle amd 
the automatic boiler installed in Building 110 is used to supply all 
process steam requirements. Only those sections of the system required 
for process steam distribution are pressurized. 

Total number of personnel is reduced by one maintenance man 
from the level of Alternative 2. The employment of operations person- 
nel is as follows: 

(1) Heating Season - Two men per shift (one engineer and 

one fireman) operate the central steam plant. 

(2) Summer - One engineer per shift periodically inspects 

the automatic boiler and the central plant. Firemen are 


employed en maintenance. 


*Summary of costs is given in Table V, p. 13. 
Calculations are in Appendix E. 








rz 


An automatic boiler (15,000 lb/hr) is installed in a vacant 
area of Building 110 near the center of the process steam load. New 
steam and return lines are installed from the boiler site to Buildings 
121, 122, and 123 so that a minimum of line is hot during summer. In 
addition, deteriorated insulation on existing lines used for process 
steam distribution is renewed. 

A reduction of one employee, the central location for process 


steam generation, and reduced line losses result ina savings. 


Alternative 5* Replacement of Deteriorated Insulation on the Existing 


s 


System 


Operation's schedule is identical to that described under 


Alternative l. 

Personnel requirements are identical to those described under 
Alternative 2. 

Approximately 50% of the interior lines installed in 1946 have 
non-existent or deteriorated insulation. The work consists of removing 
existing deteriorated insulation and reinsulating. 

Savings in operating cost is effected by a reduction in line 


losseSe 


*Summary of costs is given in Table V, pe 13. 
Calculations are given in Appendix fF. 
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PART V. 


SUiMaRY OF RESULTS 


Table V_ Comparison of annual Gosts 
(fixed costs on the sunk cost principle) 


item of Cost silt. 1 Blt. 2 salt. 3 alt. 4 alts 5 

Fixed cost $216,047. $216,047. $236,658. $224,359. $217,495. 
Operating cost 283,146. 238,883. 217.1565 224,022. 237,060. 
Hom, COST $499,193. $454,930. $453,814. $448,381. $454,555. 


Table VI Comparison of Savings and Time to Amortize 
(based on (4) Total Costs and (B) Operating Costs) 


Peltieo 1 Pde alt 3 Alte Ly wilt ) 


nu. Total Costs $499,193~ $454,930. $453,814. $448,381. G454,555-~ 


Capital to be wee 0 358,480. 58,295 10,2456 
invested 
eae over base Lb, 263.6 45,3796 50,812. Uy, 6386 
“ars to amor- 
te on savings base 3004 8.9 2? 


See Alte 2 
Be Opera-ng Costs 283,146. 238,263. 217,156. 224,022. 237,060. 


Gavir over base LU 2636 65, 990 « 59,124. 46, 086. 


Alt. 


Years - amor- 
tize O\savings base 16.5 309 56 
over Al, 2 
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PART VI. 


DISCUSSION 


Boiler Capacity and Scheduling 
A boiler capacity of 300,000 lb/hr is available. Examination 


of design requirements (210,000 lb/hr) indicates that capacity exceeds 
requirementse With a trend towards reduced process steam equipment and 
an average heating load less than the design load, a capacity of 

200,000 lb/hr would be adequate. This figure has been verified by a re- 
view of plant records which indicate a recorded peak load of 118,000 
lb/hr. If the plant were to be re-equipped two 25,000 lo/hr and two 
159000 lb/hr water tube boilers would be adequate. No recommendation 
for disposal of part of the existing capacity is considered, as install- 
ed equipment is performing satisfactorily and the capital cost has al- 
ready been paid. 

Boiler scheduling can result in reduction of operating ex- 
pensese Two 50,000 lb/hr and two 100,000 1b/hr units are installed in 
the present boiler plant. Since winter peak loading is approximately 
118,000 lb/hr, one 100,000 lb/hr and one 50,000 1b/hr unit would ade- 
quately handle this steam demand. Peaks normally occur in the early 
morning (5 - 8 A.M.) due to clock settings on thermostats. These peaks 
are controllable depending on the time allowed for warm upe A somewhat 
longer warm up period would not affect prcduction or comfort and would 
reduce peak load requirements. 

In the summer one 50,000 lb/hr unit will generate steam re- 
quirements. 


Equipment operation should be rotated so that all units pro- 
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vide equal service over life expectancy. This rotation should be on a 


monthly basise 


Controls 

Boiler combustion controls are located on a central board. 
Meters, gauges, and other indicating devices are located so that one 
operator controls and supervises all units. Independent flame detection 
and other safety devices are installed and equipped with audio alarms. 
The existing control system is adequate and performs satisfactorily. 

Buildings have thermostatic controls of various styles de- 
pending on the type of heat A jcte Seas units installec, Night set-back 
equipment is installed where possible. On buildings not equipped with 
night set-back, manual control is exercised on weekends during mild 


weather. 


Kvaluation of Cost 

In evaluating cost to choose between alternatives of operation, 
consideration must be given to sunk costse "A sunk cost is a past ex- 
penditure which has already occurred and must be ignored as having noth- 
ing to do with a choice between two alternatives for the future.e"* This 
in effect reduces the fixed costs of existing equipment. 

In addition to total costs, time to amortize is considered 
when selecting the most economic solution. By policy, an amortization 
period of five years is considered maximum when replacing satisfactory 
equipment. Since Alternative 2 requires no capital investment, the 


total cost of this alternative is used to determine savings when calcu- 


*Grant, E.L. Principles of Engineering Economy. pe 179. 





lating the amortization time of the other alternatives considered. 
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PART VII. 


CONCLUSIONS AND RECOMMENDATION 


Conclusions 

(1) A reduction of personnel in the existing system (Alterna- 
tive 2) is the most economic solution when evaluation is 
on the basis of cost to own and operate. 

(2) Installation of an automatic boiler in the existing system 
for summer process steam requirements (Alternative 4) is 
the most economic alternative considering operating costs 
only. 

Recommendation 

It is recommended that a reduction of seven operating person- 

nel be accomplished and that system operation be continued on the exist- 


ing schedule. 
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PART IX. 


APPENDIX A 


Calculation of Design Heat Loss 


Ie Basis for calculation of design heat loss 

A. Outside design temperature -10°F 

B. Outside wind velocity 15mph 

C. Inside design temperature 70°F 

D. Transmission loss 

1. Exposed surfaces - (area)(coefficient) (temp. diff.) 
2. Wall below grade = (area)(unit heat loss) 
3. Basement floor = (area)(unit heat loss) 

E. Infiltration loss = (cfh) (specific heat)(temp. diff.) 

F. All coefficients, values for infiltration, and heat losses 
are from the "Heating, Ventilating and Air Conditioning 
Guide". 

G. Unheated space temperature is based on a heat balance 
for the space concerned. 

H. All losses are shown in Btu/hr. 


Ii. Design heat loss for Building 2 


A. 


Walls are as follows: (coefficients are indicated in 
parenthesis in Btu/hr-ft2-°F) 
1. Basement walls are 12" brick, insulating board and 
plaster on furring.(0.23) 
2e Exterior walls are 12" brick, gypsum lath and 
plaster on furring. (0.23) 


3. Walls exposed in attic (rooms 35 and 37) are 12" 





I. 


Am Part of 


al 


Building 


Basement 


Wall 
Glass 
Door 
Floor 


Wall 
(B.G.) 


rah 


brick, no interior finish.(0.35) 

4, Exterior walls in attic (rooms 36,38,39) are as- 
phalt siding exterior with a gypsum board interior. 
(0.42) 

Ceilings are gypsum board. (0.65) 

Roof is asphalt shingles, building paper on wood 
sheathing. (0.40) 

Basement floor is concrete.(2 Btu/hr-ft*) 

Basement wall below grade is brick, (4 Btu/hr-ft2) 

Glass is single thickness, vertical sheets. (1.02) 

Doors are wooden. (0.36) 

infiltration is based on 15 mph wind, double hung wooden 
sash windows, non-weatherstripped.(39cfh per crack foot) 
Ceiling heights are: 

1. Basement 7'-3" 

ga Sirst fillcor —10'=2" 

3 Second floor 10!'-2" 


4, Attic 10'-2" (irregular) 


Net Area Coefficient Temp. Heat Loss Total Heat Loss 


Dign. 
109.2 0.23 80 2,010 
9.0 1302 80 734 
22.8 0.36 80 656 
394.0 20 788 
150.0 4.0 600 





Rm 


Part of Net Area 
Building 
Infiltration 
Wall 4325 
Glass 9.0 
Floor 299 0 
Wall 56.3 
ra.) 
Infiltration 
Wall 119.5 
Glass 9.0 
Floor Sisco’ 
Wall 10%<5 
hBeG..) 
Infiltration 
Wall 9202 
Glass 720 
Floor 187 .0 
Wall 107 0 
(BG. ) 

Pred tration 
Wall 240 8 
Glass 1502 
Floor 641.0 
Wall 274.0 
(eea. ) 
Infiltration 
Floor 6725 


Coefficient Temp. 


80 
80 
80 


80 
80 
80 


80 
80 


80 


80 


Heat dbess 


Tetbal Heat bess 


6,928 


3,369 


51984 


4,073 


9,960 
135 


22 





Rm Part of Net Area 

_. Building 

First Floor 

7 Wall 229 65 
Glass we 8) 
Door Mi 
Infiltration 

8 Wall 22945 
Glass 45.0 
Imfiitration 

9 Wall 202 0 
Glass 48 20 
imnarlt ration 

10 Wall Bre > 
Glass 45 0 
Door 38.25 
Infiltration 

11 Wall 15465 
Glass 15.0 
Infiltration 

12 Wall Bie 
Door 1765 
Infiltration 

13 Wall 19.8 
Glass 9.0 
Infiltration 

14 Wall Ze ( 


0.23 


1.02 


0.23 


1.02 
O28 
1L6e2 


0.36 


0.23 


1.02 


023 


TeeZ 


023 


Coefficient Temp. 


Heat Loss 


Tetal Heat Less 


10,590 


3,260 


13,178 


13,855 


5,183 


2,218 


2,036 





Fm Fart of Net Area Coefficient Temp. Heat Loss Total Heat Loss 


 Biale@ane Diff. 

Glass 45.0 LeOe 80 3,670 

cpeaitratiion 80 2,195 8,105 
15 Wall 273.0 One 80 5,020 

Glass 63.0 1.02 80 5,140 

Infiltration 80 3,370 13530 
16 Wall 61.0 0.23 8c 1,182 

Glass 15.0 1.02 80 1,224 

Infiltration 80 1,095 3,441 
second Floor i 
18 sWall 242 20 Ue25 80 5, 340 
=m 48.0 1.02 80 3,920 

Infiltration 80 1,910 11,150 
19 Wall 55R0 M23 80 iene 

Glass 16.0 1.02 8C byB05 

Infiltration 80 1208 3,425 
2cp Wall 204.0 Ome3 80 Ly, Suc 
25| Glass 41.0 1.02 80 3,340 
26) Infiltration 80 2, 540 10, 390 
21 Wall 109.5 0.23 80 2, Bits 

Glass 16.0 IsO2 80 1,305 

Infiltration 80 INOS 4,928 
22 Wall eS 62 oryas 80 Leaks (0 

Glass 17.8 1.02 80 T45L 

Infiltration 80 1b 4,805 
23. Wall hee O23 80 1, 288 





Rm Part of Net Area Coefficient Temp. Heat Loss Total Heat Loss 


— Belding Dire 

Glass 1660 1502 80 1,305 

Infiltration 80 1,103 3. Ou 
28 Wall ILS nko @ 0223 80 2,720 

Glass 16.0 1.02 80 1,395 

infiltration 80 1,108 DJs 
29 «Wall 106.0 0.23 80 1,950 

Glass 16.0 1.02 80 1,305 

Infiltration 80 1, 108 4, 363 
30 Wall D2 0.28" 80 2,600 

Glass 3308 1¥@2 80 2,760 

Infiltration 80 1,174 6, 534 
31 Wall 414.2 0.23 80 73610 
32} Glass signs. 1.02 80 2,760 
33] Infiltration 80 17 11, 544 
Third Floor (Attic) 
35 Wall 81.0 0.35 80 2,270 

Glass 3265 iO2 80 2,655 

Ceiling 528.0 0.65 38.7 13,300 

Infiltration 80 1,652 We) i 
36 East Wall 176.0 042 80 5,920 

North 117.0 035 80 SAS 

Wall 

Glass 230 1.02 80 1, 880 

Geadlatolaey Rollyo) 0.65 38.7 7,060 


Infiltration 80 982 LD eee 





Part of Net Area Coefficient Temp. Heat Loss Total Heat Loss 


Building Dari. 

Wall 36.9 0.35 80 1,005 

Glass 12.0 ateOZ 80 978 

Ceiling 338.0 0265 38.7 8,500 

iamittirat ion 80 982 11,465 
Wall 324.0 0.42 80 10,900 

Glass 50.0 1.02 80 4,070 

Ceiling 600.0 0.65 3e67 15,100 

Infiltration 80 2,740 32,810 
Wall 85.5 042° 80 288 

Glass 9.5 1202 80 775 

Ceiling 321.0 0.65 387 =13pdz0 

Infiltration 80 12038. >... 15g22 


TOTAL 270,285 
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Iii. Design heat loss for Building 12 
A. Walls are brick veneer on stone with no interior 
finish. (0.516) 
B. Glass is single vertical sheets-(1.02) 
C. Floor is dirt. Conductivity is approximately 8 Btu/hr-ft. 
(assume average heat loss of 4 Btu/hr-ft) 
D. Infiltration loss is based on two air changes per hour. 
Rm Part of Net Area Coefficient Temp. Heat Loss Total Heat Loss 
—_. Building ites: 
1 Wall 399 0.516 80 16,450 
Glass 766 1.02 80 62, 500 
Roof 1,458 1.02 80 119,000 
(Glass) 
Floor ieaZ0 4.0 4 480 
Infiltration 292000 3 26 ieo0 eae 





31 
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IV. Design heat loss for Building 10 
A. Walls are as follows: 
1. Basement walls are 24" concrete.(0.11) 
2. Exterior walls consist of a 4" brickface on an 8" 
hollow clay block with a plaster interior finish. 
(0.23) 
B. Ceilings are celotex on furring, with wood or concrete 
floorse(0.23 and 0.16) 
C. Roof is flat concrete (5 ply built up 0.16) or wooden 
pitched roof covered with Slate. (Oe2o) 
D. Doors are wooden (0.36) or glass with metal sash.(1.02) 
E. Glass is single thickness, vertical sheets. (1.02) 
F. Basement floor is concrete-(2 Btu/hr-ft*) 
G. Basement walls below grade are 12" concrete. (4 Btu/hr-ft*) 
H. Infiltration is based on 15 mph wind velocity with 88 cfh 
per crack foot. The wincows are double hung with metal 
sash. 
I. Ceiling heights are: 
1. Basement 8'-2" 
2. First floor 10'-10" 
3. Second floor 10'-1i" 
4. Third floor 10'-10" 


Rm Part of Net Area Coefficient Temp. Heat Loss Total Heat Loss 
Building Diff. 





Basement 


1 Wall 79 O11 80 695 





Part of Net Area Coefficient Temp. 
Building Danni . 
Wall 57 Ze 

(B.G.) 

Interior 19 ie 14 
Wall 

Interior 9 1.02 14 
Glass 

Interior 29 220 

Wall (B.G.) 

Floor 116 230 

Interior 19 Oss 14 
Wall ; 

Interior 9 1202 14 
Glass 

Interior 29 1.0 

Wall (B.G.) 

Floor 116 236 

Interior 138 Cali 14 
Wall 

Interior 18 1602 14 
Glass 

Interior 163 18 

Wall (B.G.) 

Floor T4HL Zao 

Wall 29 OeirL 80 
Wall 30 4.0 

(B.G.) 

Interior 41 OS 14 
Wall 

Interior 18 lee 14 
Glass 

Interior 62 Lee 


Wall (B.G.) 


Heat Loss 


128 


58 


233 
29 


128 


2g 


233 
212 


257 


163 


1,480 


255 
60 


63 


257 


124 


Tétval Heat Loss 


eon 


419 


2,114 


34 





10 


tat 


Part of Net Area Coefficient Temp. 
Building Diff. 
Floor 138 2 0 

Floor 102 20 

Floor 76 20 

Wall 22 0.11 80 
Door al Os36 80 
Floor Boule 200 

Wall 56 250 

(B.G.) 

Wall 106 O11 80 
Glass 9 102 80 
Floor 199 20 

Wall 120 20 

(B.G.) 

Infiltration 80 
Wall 54 Ow 1 80 
Glass is 1.02 80 
Floor 336 250 

Wall fa 240 

(B.G.) 

Infiltration 80 
Wall sik @) JL 80 
Floor 143 200 

Wall 32 AAO 

(B.G.) 

Wall 39 Oni 80 
Glass 18 ieez 80 
Floor 268 2e0 


Heat Loss 


Total Heat Loss 


3,536 
203 


152 


2,963 


By 


6,062 


622 





Rm Part of Net Area Coefficient Temp. 

_. Building Distt 
Wall 60 200 
(B.G.) 

Infiltration 80 

12 Wall fal Gent 80 
Glass 9 WeO2 80 
Floor 280 2.0 
Wall 62 200 
(B.G.) 

Infiltration 80 

13 Wall 51 Of11 80 
Floor 293 200 
Wall 61 200 
(B.G.) 

Interior 51 Oell 14 
Wall 

Interior 61 20 

Wall (B.G.) 

14,15, and 16 are unheated spaces. 

17 Wall 106 Ona). 80 
Glass 18 1262 80 
Floor 589 20 
(Bae. ) 

Interior 65 QO. 14 

Wall 

Interior 159 220 

Wall (B.G.) 

infiltration 80 
18 Wall 386 opal 80 


Heat Loss 


Be 


932 
1,430 
1,178 


238 


100 


318 


4, 308 
3, 400 


Total Heat Loss 


5,764 


3,511 


1,359 


8,504 


36 





ate 


20 
vat 


ee 


23 


Part of Net Area Coefficient Temp. Heat Loss Total Heat Loss 
Building j 


Glass L144 
Door 79 
Miser 3,550 


Wall 527 
(BaG.) 


Infiltration 
Wall (18") 48 
Glass 18 


Floor 198 


Wall 69 
(B.G.) 

Infiltration 
Floor 396 


Floor 372 


Wall Uy 
Glass 9 
Door 64 


Floor 27a: 


Wall 53 
(B.G.) 

Infiltration 
Wall Sue 
Glass 105 


Floor 2l2 


Wall 435 
(B.G.) 
Infiltration 


0.14 
1m62 
0.36 


20 


80 
80 
80 


80 


80 
80 
80 


80 
80 
80 


80 


9, 880 


31, 204 


51797 
792 
744 


10 , 436 


23,354 


BN 





Rm Part of Net Area Coefficient Temp. Heat Loss Total Heat Loss 


Building Diff. 
24 Wall 182 0.14 80 2,040 

Glass 6 1.02 80 490 

Floor 510 200 Leese 

Wall 196 220 392 

GEG. ) 

Infiltration 80 1, 648 5,690 
25 Wall 29 0.14 80 B25 

Glass 9 1.02 80 730 

Floor 130 200 260 

Wall 4) 2G 80 

Viera. ) 

Infiltration 80 1,142 Varo, 
First Floor 
1 Wall 67 0.23 80 1,290 

Glass 26 1.02 80 2 25 

Infiltration 80 2,400 Soe 
2 Wall 51 0.23 80 938 

Glass 26 1.02 80 PAZ 5 

Infiltration 80 2,400 5,463 
4 Wall 53 0.23 80 975 

Glass 26 1.02 80 2ye> 

Infiltration 80 2,500 5,600 
6 Glass 157 1.02 80 12, 820 

Door 52 1.02 80 4,250 

im iitracion 80 5,200 22 270 


7 Wall 228 0.23 80 4,190 





Rm 


10 


ial 


ae 


13 


14 


Part of 
Building 
Glass 78 
Infiltration 
Wall 142 
Glass 52 
Infiltration 
Wall 167 
Glass 52 
Infiltration 
Wall 138 
Glass 26 
Infiltration 
Wall 92 
Glass §2 


Floor 314 


Infiltration 
Wall 174 
Glass 52 
Floor 386 
Infiltration 
Wall 332 


Glass 130 


Floor 386 
Infiltration 
Wall diy Me 
Glass 78 


Net Area 


0.23 


1.02 


0.23 


1.02 


0.23 


1.02 


0.23 
1.02 


Owl} 


0.23 


PeOZ 


Coefficient Temp. 


Heat Loss 


Total Heat Loss 


154550 


13.875 


E220 


7,165 


ei 2 51. 


13,153 


ache )5 


a? 





15 


16 


1? 


18 


Ly) 


20 


Part of Net Area Coefficient Temp. 
Building Dados 
Floor 396 Og 14 
Infiltration 80 
Wall 71 0.23 80 
Glass 104 1.02 80 
Floor 356 O38 14 
Infiltration 80 
Wall 199 023 80 
Glass 104 1.02 80 
Floor 356 0.13 14 
infiltration 80 
Wall HOS 0.23 80 
Glass 130 1.02 80 
Door 26 1.02 80 
Floor 2,280 Gsa3 14 
Infiltration 80 
Wall 270 023 80 
Glass 26 1.02 80 
Door 26 1.02 80 
Floor 163 0.13 14 
Infiltration 80 
Wall 120 023 80 
Glass 52 02 80 
Floor 319 0.13 14 
Infiltration 80 
Wall 100 0223 80 


Heat Loss 


31300 
7 450 


10,620 


2150 


23,750 
14,700 


4,970 
2, 50 
2,150 

297 
4, 700 
2,210 
4,250 

581 
5,000 


1,840 


Total Heat Loss 


17,874 


8,097 


58,670 


14, 367 


11,941 


40 





Part of Net Area Coefficient Temp. Heat Loss Total Heat Loss 


Building Diff. 

Glass 52 leah? 80 Lua 50 

Floor 282 Geais 14 514 

Infiltration 80 5,000 11, 604 
Wall 100 0523 80 1, 840 

Glass inZ 1.02 80 4,250 

Floor 282 OmL3 14 514 

Infiltration 80 5,000 11, 604 
Wall 183 0.23 80 2,080 

Glass 26 1.02 80 2a 5 

Floor 268 Omas 14 488 

Infiltration 80 2, 500 7 9ll83 
Wall 90 0223 80 1,657 

Glass 52 1.02 80 4,250 

Floor Le O13 14 4O5 

Infiltration 80 5,000 11,402 
Wall 173 0.223 80 3,180 

Glass 78 1.02 80 6, 360 

Floor 126 Os 14 230 

infiltration 80 5,000 14,770 
Wall Wy? 0.23 80 8, 240 

Glass 208 1.02 80 17,000 

Floor 1,470 0.13 14 2,680 

Infiltration 80 20,000 47,920 
Floor 568 Oers 14 15635 1,035 


Wall 62 0.23 80 1,140 





28 


7) 


Sak 


32 


oi, 


34. 


5, 


36 


Part of Net Area Coefficient Temp. 
Building Bitte 
Glass 26 102 80 
Infiltration 80 
Wall 15 023 80 
Glass 26 1.02 80 
Infiltration 80 
Wall 107 0.23 80 
Door 26 1.02 80 
Infiltration 80 
Wall 140 0023 80 
Glass 26 1.02 80 
Infiltration 80 
Wall we’ 0.23 80 
Glass 264 1.02 80 
Door 52 1.02 80 
Infiltration 80 
Wall aS 0.23 80 
Glass 52 1.02 80 
Infiltration 80 
Wall 82 0223 80 
Glass Be 1.02 80 
Infiltration 80 
Wall 104 0.23 80 
Glass 26 1.02 80 
Infiltration 80 
Wall 199 0223 80 


Heat Loss 


Total Heat Loss 


5,765 


8,505 


6,295 


7 200 


42,200 


11, 385 


10,758 


8,665 


42 





Rm Part of Net Area Coefficient Temp. 
__ Building Detacien 
Glass 78 1.02 80 
Infiltration 80 
37 Wall 279 Oe23 80 
Glass 104 1.02 80 
Infiltration 80 
38 Wall 820 0.23 80 
Glass 286 1.02 80 
Door 26 1.02 80 
Infiltration 80 
39 Wall 136 0.23 80 
Glass 26 1.02 80 
Door 26 1.02 80 
Infiltration 80 
Second Floor 
1 Wall Sul 0.23 80 
Glass 26 1.02 80 
Infiltration 80 
2 Wall 66 Oe23 80 
Glass 26 14002 80 
Infiltration 80 
4 Wall 76 0.23 80 
Door 26 0.36 80 
Infiltration 80 
5 Wall 104, 0.23 80 
Glass 26 1.02 80 


Heat Loss 


Total Heat Loss 


17,520 


18, 640 


551650 


11, 500 


5, 588 


5,864 


3, 868 


ss 





10 


Val 


12 


13 


Part of 
Infiltration 
Wall 217 
Glass 78 
Infiltration 
Wall 328 
Glass 130 
feritrat ion 
Wall 192 
Glass Be 
iraitration 
Wall liza 
Glass 52 


Ceiling 305 


impiltration 
Wall 77 
Glass 26 


Gaming 176 


imPaitration 
Wall 94 
Glass 52 


Ceiling 250 


Infiit pat en 
Wall ie 
Glass 26 


Ceiling 169 


Net Area 


@e23 


1.02 


0.23 


1.02 


0.23 
1.02 


0.23 


0.23 
1.02 


023 


0.23 
Mo 2 


0.23 


OsZs 
1.02 


0.23 


Coefficient Temp. 
Building 


Heat Loss 


Total Heat Loss 


6, 562 


NES Sill) 


29,160 


10,280 


sal 


6,390 


11, 442 


Why 





14 


15 


16 


a 


18 


19 


20 


Part of 
Building 
Infiltration 
Wall o7 
Glass 1LO4 


Ceiling 312 


Infiltration 
Wall 801 
Glass 338 
Door 26 


Geile 27835 


Infiltration 
Wall 139 
Glass py 
Infiltration 
Wall 124 
Glass Be 
Infiltration 
Wall 201 
Glass 78 
Infiltration 
Wall 664 
Glass 475 
Infiltration 
Wall 61 
Glass 26 
Infiltration 


Net Area 


0.23 


1.02 


0.23 


1.02 


0.23 


aoe 


On23 


1.02 


0.23 


OZ 


Coefficient Temp. 


Heaw iess 


Total Heat Loss 


6,307 


15,490 


71,680 


11,793 


ll, 527 


15,065 


(337) 


5974? 





ail 


ae 


23 


25 


26 


fa 


28 


Fa 


Part of 
Building 

Wall 34 
Glass 26 
Infiltration 
Wall iLL 
Glass 52 
Infiltration 
Wall aS 4 
Glass 26 
infiltration 


Wall OOS 


Glass 277 
Door 26 
Infiltration 
Wall 83 
Glass bye 
Infiltration 
Wall 100 
Glass 26 
Infiltration 
Wall 200 
Glass (4s) 
Infiltration 
Wall ee 
Glass day: 
Infiltration 


Net Area 


1.02 


Oee3 


1@Q2 


0.23 


1.02 


0.23 


1.02 


23 


1.02 


Coefficient Temp. 


Heat Loss 


am a EE Sm 


15,000 


1,529 
4,250 
5,417 
1,840 
2,125 
2,890 
3,680 
6, 360 
8,355 
5,090 
9,066 


5,000 


Total Heat Loss 


51251 


ano 


9,145 


56,950 


11,196 


6,855 


18, 395 


19,156 





Heat Loss 


748 
9,700 
4,780 
9,016 
5,000 
3,311 
4,250 
5,000 
1,666 
2,125 
2,500 
2,345 
7,160 


71500 


35085 
6, 360 
14685 
5,000 
4,600 
6, 360 
2,540 


Fm Part of Net Area Coefficient Temp. 
_.-~- Building Diff. 
30 Wall 284, 0.23 80 
Glass 124 1.02 80 
Door 26 0.36 80 
ima tration 80 
31 Wall 260 0.23 80 
Glass 167 1.02 80 
Infiltration 80 
32 Wall 180 0223 80 
Glass 52 1.02 80 
Infiltration 80 
33 Wall 91 0.23 80 
Glass 26 02 80 
Infiltration 80 
34 Wall 182 0.23 80 
Glass 87 JenO2 80 
Infiltration 80 
Third Floor 
1 Wall 182 0623 80 
Glass 78 1.02 80 
Ceiling 128 0.16 75 
Infiltration 80 
2 Wall 250 023 80 
Glass (as 1.02 80 
Ceiling 222 0.16 75 
Infiltration 80 


5,000 


47 


Total Heat fess 


25,Ose 


18,796 


12,561 


6,291 


17,005 


oygees 


18, 500 





Rm Part of Net Area Coefficient Temp. Heat Loss Total Heat Loss 


__ Building Dunes 
3. Wall 986 Ones 80 18,150 

Glass 338 1.02 80 27,600 

Door 26 0636 80 750 

Ceiling 2,582 0.16 75 31,000 

Infiltration 80 16,400 93, 900 
4 Ceiling 60 OS16 75 720 720 
5 Wall 25 0223 80 2, 300 

Glass 52 102 80 4,250 

Ceiling 374 0.16 75 L., 480 

Infiltration 80 2,500 13ues6 
6 Wall 265 0.23 80 4, 870 

Glass fas hSOZ 80 6, 360 

Ceiling 250 0.16 75 3,000 

Infiltration 80 5,000 19,230 
7 Wall 20 0023 80 4,420 

Glass 52 1.02 80 4, 250 

Ceiling 180 0.16 75 DT lee 

Infiltration 80 5,000 15,830 
8 Wall 190 0223 80 3,495 

Glass 78 1502 80 6, 360 

Ceiling 135 0.16 75 1,620 

Infiltration 80 5,000 16,478 
9 Wall 152 0.23 80 2,795 

Glass isy2 1.02 80 4,250 


Ceiling 313 0.16 75 3,760 





10 


al 


13 


Net Area 


Coefficient Temp. 


2 


Building 


Pate OL 
Infiltration 
Wall 310 
Glass 52 


Geidange 138 
Infiltration 
Wall 163 
Gealing 132 
Wall or 
Glass 468 
Door 52 
Ceiling 3,493 


Infiltration 


75 
80 


Heat Loss Total Heat Loss 
2,500 13,305 
5,700 
4,250 
1,658 
5,000 16,608 
Pa 5, 

1,590 4, 585 

25, 300 

38, 200 
1, 500 

41, 800 

14,700 121, 500 

TOTAL 1,576,234 
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Ve Design heat loss for Building 125 
A. Walls are 16" brick. (0.25) 
B. Roof is built-up on a 6" gypsum slab. (0.22) 
C. Doors are wooden, 40% glass (0.79) and metal roll-up 
(0.55). 
D. Floor is 12" concrete. (2 Btu/hr-£t) 
E. Infiltration is based on 176 cfh per crack foot. 
F. Wall below grade is assumed to transmit 4 Btu/hr-ft*. 
Ge Ceiling heights are: 
1. Shop area , 27'-4" 


2e Other areas 10!-6" 


Rm Part of Net Area Coefficient Temp. Heat Loss Total Heat Loss 


—. Building Diet. 
1 Wall 434 0.25 80 8,680 
Glass 180 1.02 80 14,670 
Ceiling 1,014 ove 80 17,850 
Floor 1,014 200 2,028 
Infiltration 80 42, Udy 85,672 
2 Ceiling 398 0.22 80 CyOue 
Floor 398 20 796 
Infiltration 80 12ZOs0 19,886 
(Mechanical Ventilator) 
3 Ceiling 396 0.22 80 6,990 
Floor 396 20 793 
Infiltration 80 12,000 19,783 


(Mechanical Ventilator) 


4 Wall 86 025 80 17,260 
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Rm 


Part of 
Building 


Glass 
Ceiling 


Floor 


Infiltration 


Net Area Coefficient Temp. 


(Mechanical Ventilator) 


Ceiling 


Floor 


Infiltration 


(Mechanical Ventilator) 


Ceiling 


Floor 


Infiltration 


(Mechanical Ventilator) 


Wall 
Door 
Ceiling 


Floor 


Infiltration 


Wall 
Glass 
Ceiling 


Floor 


Tnfilt ration 


Wall 


Glass 


Ceiling 


Heat Loss 


540 
2,540 
6, 500 

738 

39,252 
7 +580 

22,800 

17,010 
1,930 

71,220 

22, 560 


20, 350 


Me 

_ 1.02 80 

175 0.22 80 
175 20 

80 

96 0.22 80 
96 220 

80 

295 0.22 80 
295 260 

80 

27 0.25 80 

68 1.02 80 

369 0.22 80 
369 2.0 

80 

379 0.25 80 

270 lage 80 

965 Ofz2 80 
965 250 

80 

1,128 0.25 80 

252 eae 80 

2,970 Osza 80 


SZ, 00 


Total Heat Loss 


29,660 


4,789 


14,730 


9, 562 


91,764 





10 


aT 


iy 


13 


14 


15 


CeeG.) 


Héav Less 


3,055 


110,900 


545,000 


8,850 
8, 940 


Part of Net Area Coefficient Temp. 
Building Dire. 
Floor 2,970 20 
Infiltration 80 
Wall 110 Oo25 80 
Ceiling 115 Oe22 80 
Floor eS 220 
Infiltration 80 
(Mechanical Ventilator) 
Wall 53 0225 80 
Ceiling aS 0.22 80 
Floor 55 200 
Ceiling 178 0.22 80 
Floor 178 2.0 
Infiltration 80 
(Mechanical Ventilator) 
Ceiling 168 C527 80 
Floor 168 2.0 
Infiltration 80 
(Mechanical Ventilator) 
Ceiling 101 Omee 80 
Floor 101 20 
Infilt ration 80 
ae North 5,135 og27 80 
Wall 
Glass 6,670 1302 80 
Door 140 0.79 80 
Wall Dats 4.0 


Total Heat Loss 


135, 580 


7,961 


Zigleey 


8, 897 


8,376 


4,957 


673,690 


56 





if 


Fm Part of Net Area Coefficient Temp. Heat Loss Total Heat Loss 
— Building Diff. 
be East 657 0 027 80 14, 190 
Wall 
Glass 1,930 ALO? 80 157,400 
Door 70 079 80 5,740 
Wall CaLoil 40 4,724 181,924 
(B.G.) 
ce South 5, 542 Os2/. 80 119,500 
Wall 
Glass 7, 300 LOZ 80 596,000 
Door 140 1.02 80 11,420 
Wall 2,228 40 8,912 (apne 
(B.G.) 
de West 1, 306 0.27 80 28,200 
Wall 
Glass 2,650 1.02 80 216, 500 
Door 470 0% 55 80 Z eee) 
Wall 985 440 3,940 269, 740 
(B.G.) 
ee Floor 109,729 Ze) 219,458 219,458 
femoot 115,372 0.22 80 2,035,000 
curface 
Glass 27 Feo 1.02 80° 2,275; 000 ty 310), O00 
Infiltration 80 6,390, 644 6, 390, 644 
16 Wall LLG 0027 80 11, 580 
Door 90 0055 80 3,960 
Ceiling 630 0.63 80 3,170 
Floor 630 200 1,260 





Rm Part of Net Area Coefficient Temp. Heat Loss Total Heat Loss 
Building Dif tes 
Infiltration 80 14,220 34, 190 


TOTAL 9,537,211 
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Wels Design heat loss for Building 25 


Rm Part of 


A. 


Be 


Ge 


D. 


E. 


Building 


First Floor 
North Wall 


Glass 
Door 
East Wall 
Glass 
Door 
south Wall 
Glass 
Door 


West Wall 


Walls are 18" reenforced concrete. (0.13) 


Roof is a built-up on a 6" concrete slab. (0.21) 


Glass is single sheet vertical. (1.02) 


Doors are metal roll-up (0.55) and industrial metal 


(1702). 


Floor is concrete. (2 Btu/hr-ft*) 


Windows are metal sash with 80% glass. (1.02) 


Infiltration is based on 176 cfh per crack foot. 


Ceiling heights, are as follows: 


1. First floor 16'-3" 


2. Second floor 16'-3" 


S.eihard flceer 161230 


Net Area Coefficient Temp. 


pg ee ee ee 


1,282 Oeuls 
1,789 gL (6% 
184 0.55 
1,731 0.13 
2, 664 1.02 
160 0055 
1,282 0.13 
1,789 eo 
184 0.55 


Zee 0.13 


Heat Loss 


as Siaa) 
145,800 
8,090 
18,000 
217 7 500 
7,040 
13,320 
145,900 
8,090 


Al 283 


Total@teat Loss 


NO7Zu0 


242, 540 


167 , 310 
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Rm Fart of Net Area 

_.  Bwailidang 
Glass 4,633 
Door 140 
Floor 59,649 
Infiltration 

Second Floor 

North Wall 1 oe 
Glass 2 Oda. 

East Wall 1,963 
Glass 22330 

South Wall Loe 
Glass ZO 

West Wall Zee > 
Glass 4,992 
Infiltration 

Third Floor 

North Wall 1,414 
Glass Pape ies 

East Wall 7 Ves} 
Glass 2, 880 

South Wall (same as 
Glass 

West Wall PRES 
Glass 4,992 
Ceiling 60,749 


Coefficient Temp. 


0.13 
1.02 
0.13 


1.02 


80 


80 
80 


Heat Loss 


a a at an ct oneal ewes a en od 


378, 000 

11826 
119,298 
994,220 


Loy 5e 
164,000 
20,400 


235,000 


(same as North Wall) 


0.13 


1.02 


0.13 
1.02 
013 
1.02 


North Wall) 


0.13 
1.02 


Oo2l 


23,600 


80 1,036,004 


80 
80 


14,710 
172,100 
24,150 


235,000 


27,400 
407,000 


80 1,020,000 


Total Heat Loss 


410, 570 


119,298 


994, 220 


179,750 


255,400 


179,750 


430,600 


1,036, 004 


186,810 


259,150 


186,810 


434,400 


1,020,000 
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Aiieerary of Net Area 


Building 


Nata) tration 


Coefficient Temp. Heat Loss Total Heat Loss 


80 1,051,199 17051, 199 
TOTAL 7,320,021 
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FIGUR 

eG fi FLOOR PLAN 

BUILDING 25 
SCALE \-40° Oo” 
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VII. Summary of load by Building 


Loads (lbs. of steam per hour) 


Bldg. Description Volume Heating Hot Water Process Steam 
il Housing 12, 560* 398 bLy 
2 Housing 9,136* 282 Pal 
3 Housing 9,136* 282 84 
‘ Housing 12,351" 390 bdy 
6 Housing 13, 596* 430 94, 
8 Housing 10,261* 325 62 
9 Housing 35705" ate? 
TOTAL GROUP A 2,224 369 0 
12 Green House 241 0 0 
TOTAL GROUP B 241 0 0 
10 Gferce Bide. 601, 602 1, 640 56 
2u Office Bldg. 83,796 228 21 
Ly] Recreation Bldg. 40 , 450 110 
19 Office Space 132,267 360 
7aak Cafeteria 204,000 556 145 525 
105 Service Office 25g eee 790 
108a Plan. Office 202, 390 553 nha 
Office Bide. 03520 Lasik 
TOTAL GROUP C 5,608 S00 525 
14 Machine Shop 756,289 2, 160 


*Indicates heated floor area in lieu of gross volume. 





Bldg. 


1? 
20 


a2 


30 


16 
101 


103 


104 
105b 


110a 


a2 
114 
a5 
120 
ia 
123 


124 


38 


15 
18 


Description 
Maint. Shop 


Machine Shop 
Fire House 
Carpe Shop 
Machine Shop 
Machine Shop 
Machine Shop 
Oil House 
South Bldg. 
Steel Shop 
Storehouse 
Machine Shop 
Machine Shop 
Machine Shop 
Machine Shop 
Office and Shop 
Foundry 
Wood Shop 
Machine Shop 
Machine Sho 


TOTAL GROUP D 


Storehouse 
Garage 


Garage 


Volume 
84,746 
3,444, 400 
110, 606 
352,353 
5,700,070 
25786, at66 
17 5500 
34, 084 
7,96? 
124,061 
51, 846 
2,925,364 
9,200 
61,183 
1,215,285 
43,652 
Liz sees 
107, 897 
225,120 


477, 648 


5531250 
398, 697 
28, 800 
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Loads (lbs. of steam per hour) 


Heating Hot Water Process Steam 
242 62 
9, 840 208 
316 29 
1,006 za 
15,283 129 
79959 168 
50 
oF 
23 
354 
1,476 59 
8,357 62 6,937 
26 
175 104 
3,472 115 
1, 382 18 
322 21) Tiy2h 
308 8,356 
643 
4 221 
63,425 1,123 17,121 
1,387 
925 42 
67 





Bldg. Description 
1106 Unused Shop 
120a Unused Shop 
122 Wood Shop 
126 Forge Shop 
130 Machine Shop 


135 Machine Shop 10,741,142 24,931 82 


TOTAL GROUP D, by, 565 124 9,091 
23 Machine Shop 270, 370 678 20 
25 Machine Shop 3,041, 282 7,625 10 
T1102 Machine Shop 6,138 15 26 
TOTAL GROUP & en HLS: 56 0 
136 Boiler House 4,008 2 
TOTAL GROUP F 4,008 2 Q 
Group A 2,224 369 0 
Group B 241 0 0 
Group C 5,608 333 525 
Group D 63,425 Tye 17 a2 
Group D, iy, 565 124 9,091 
Group E 8, 318 56 ©) 
Group FS ee 
TOTAL 128,389 1,998 26,737 


Volume 

5,850,730 
967 , 304 
19,484. 
208, 000 


glelo “Gal 


Loads 
Heating 


13, 580 
2,245 
45 
483 
902 


Hot Water 


lbs. _of Sseeam 


er hour 


Process Steam 


735 
8,356 


Note: (1) Similar groups indicate similar types of buildings. 


(2) 1 pound of steam = 960 Btu. 
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APPENDIX B 


Historical Data for Existing Plant (Alternative 1) 


Ie Plant design characteristics 


A. 


Operating pressure 150psig 


Be Quality of steam 100% 

C. Maximum load 300,000 pounds per hr (2 units - 50,000 
pounds per hr and 2 units - 100,000 pounds per hr) 

D. Fuel oil capacity 500,000 gals of #6 fuel oil 

BE. City water owe make-up is treated with a zeolite process. 

F. Control is fully automatic with all units controlled 
from one central board. 

G. Fuel oil is pre-heated and steam is atomized. 

H. Feed water is heated and deareated. 

ite Plant operating conditions 

Ae Operating pressure 115psig 

B. Quality of steam 100% 

Ce Peak load 1959 105,500 lbse per hr 

D. See Figures 12 and 13 for typical load curve for each 


seasone 


JII. Summary of 1959 operation 


Month 


January 


February 


Table VII. Annual Plant Meter Summary 
Steam( lbs.) Oil(gals.) Raw Water(gals.) 
51,161, 562 415,819 Ly 3329200 


ly, 265,412 362, 239 1,129,800 
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Month Steam(1b.) Oil(gals.) Raw _Water(gals.) 
March 34,917,069 304, 443 1,204,700 

April 23,441,164 203,176 857,000 

May 9,711,472 88,906 654,400 

June 7,199,952 68,160 629, 500 

July 2,458,150 27,209 242, 500 
August 5, 544,018 58, 567 55350100 
September 8,624, 600 81,424 615,400 
October 20 , 638, 844 174, 944 850,000 
November 32, 582, 640 “ 264, 435 1 Zen oeo 
December 40 , 866, 268 333,966 1,437,800 

TOTAL 281,411,151 2,383, 288 10,738, 300 

Table VIIT Typical Load Curves 
Winter Spring & Fall Summer 

Time Weekday Avg. Weekend Avg. Weekday Weekend Weekday Weekend 
of Day Load Temp. Load Temp. Load _thoad Load _Load 
000 ae? O17 21.4 26.6 20.8 Sow Sel 
0100 65.2 24.2 56.8 20.4 27.8 21.9 8.4 565 
0200 659 227° TEGaa. 20065 2845 21%2 Bias 5.5 
0300 6606 22:8 58.9 20.1 295% 20.8 Ses 526 
0400 66.4 22.0 5961 19.2 2956 2ie2 8.3 5.6 
0500 67 8 221 . HEGEG 1739 2937 20.8 Sec 565 
0600 69.5 21.5 59.3 16.9 29.6 21.9 8.3 5.1 
0700 70.7 Gilet 59.4 6.4 aotmy, PL 9.4 5.4 
0800 (Ags. 22.9 38589 18.0 309 2066 9.6 565 
0900 (uns 25eL 56s 2a, a eeu 2263 10.5 6.3 
1000 68.4 26.9 56.4% 22.7 31.6 20.9 a0) Sie 5-7 


or emmwe 





” 
. 
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Winter 
Time Weekday Avg. Weekend Avge 


Spring & Fall oummer 
Weekday Weekend Weekday Weekend 


of Day _Load _ Temp. Load Jemp. _Load__ load __ Load _Load__ 
1100 65-4 2806 = 55 25eoe 3a ZAUAZ 9.6 5.8 
12 N. 6303-3063) 5500) 2703) 2945 20.5 10.4 565 
1300 62.7 3202 53e2 28.9 29.0 20 4 9.9 4.6 
1400 60.1 32.4 52.9 29.4 28.6 19.8 10.4 Sey 
1500 59.9 31.8 52.8 30-6 269 2053 9.8 5.1 
1600 5O-l 32. 52.7 30.6 2722 19.4 9) ell 
1700 59.6 30.8 55.0 2923 305 2067 8.6 5.3 
1800 59.2 29.4 56.4 . 2704 28.2 210 8.6 5.0 
1900 60.5 2759 57.4 2701 Zoey 22.5 8.6 5.2 
2000 60.0 2557 58.2 25.9  2o00 Paley; 8.3 5.4 
2100 6le5 25m5 60.7 (eee 27-2 PHA 8.6 5.0 
2200 62.1 2561 6005 2303 27.7 23.8 8.3 5.6 
2300 ee. 24.8 61.3 2302 28.9 26 / 8.2 56 
2400 65-2 26.7 6.7 ezine care 20.8 eel 5.1 


Note: (1) Loads are shown in lbs. of steam per hr. 


(2) Ave. temperatures are shown in °F. 








(4y/S9] 9°0;) GYO7 (fo) dDWIL 


TYPICAL LOAD CURVES 
ANO 
AVG. OUTSIDE TEMP. 


FIGURE /2. 


TIME OF DAY 
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IV. Auxiliary steam consumption 


Ae Summary 


1. Feed water heating 11.09 
2e Fuel oil heating On3/ 
3- Steam atomization of fuel 1.50 


4. Miscellaneous uses, hot water, etc. 1.00 


TOTAL 1396 
An auxiliary steam consumption of 14% of the steam gen- 
erated will be used in estimating the auxiliary steam 
load for all.remaining calculations. 
Be Data for estimation of auxiliary steam consumption 
le Feed water heating 
ae Heater water inlet temperature 110°F 
be Heater water outlet temperature 230°F 
ce Steam inlet pressure 7psig (reduced through 
a turbine from 115psig) 
d. Assume actual turbine work is 80% of ideal 
work. (see Figure 14) 
e. Caleulations: 


boiler pressure = 130 psia Npp = 1191.7 


heater pressure = 22 psia “pp = 1.5812 
(1) Ideal change in enthalpy through tur- 
bine (entropy is constant) 


1.7242~x(1.3811) 


1.5012 


x = quality of steam 





Me: 


x = 0.1035 


M5 Bet=(.1035)(956.8) = 1060.1 


m5 


(2) Enthalpy at inlet of heater 


A h ideal = 1191.7-1060.1 = 121.6 


Ah actual = (131.6)(.80) = 105.3 
or 
enthalpy of steam entering heater 
h, = 1086.4 
(3) By making a balance on the heater, the 
; weight of steam required for water 
heating can be found. 
(w)(1086.4) 4 (l-w) (77.9) = 1(198.2) 
where w = weight of steam through tur- 


bine per pound of steam generated 


w = 0.1109 or 11.09% of steam generated 


lit (1-W) # 


| we 


Boiler 





Figure 14 Schematic of Water Cycle 
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2e Fuel oil heating 

ae Fuel oil inlet temperature 80°F 

be Fuel oil outlet temperature 185°F 

ce Steam inlet pressure ‘7psig 

de Steam exhaust 7psig saturated liquid 

e. Specific heat of oi1 0.5 Btu per lb. 

f. Calculation of percent steam consumption for 
the heating fuel oil 
x = lb. of steam 
(1*lb. of fuel 011)(185 — 80)(0.5) = 


x(1191.7 - 201.3) 


- lbs. of steam | lbs. of steam 
sd eC eT = OeMite gales Of O11 


On an annual basis: 


231,411,151 loss of steam 2 118 lb. of steam 


27903, 206 False.On O11 gal. Cm O11 
Thus 0.37% of the steam generated is required 
to heat oil. 
3e Steam atomization 
Estimated at 13% of the steam generated* 
4. Domestic hot water and other miscellaneous uses are 
estimated at 1% of steam generated. 
ee Steam loads 1959 
&. Line loss 
Based on weekend loads during the summer months, as 


shown on typical load curves, 5400 lbs. per hr. or 


*Perry's Chemical Engineering Handbook. 





is, 


47,304,000 lbs. of steam annually are required to sup- 
ply line losses. 

B. Hot water load 
Based on the assumption that the hot water demand is 
33% of the installed capacity. 
(0.33) (1998 lbs. per hr) (365 days) (24 hrs) = 
5,734,160 lbs. of steam annually for hot water 

C. Process steam loads 
Based on the typical load curves for weekdays in the 
summer with a correction for line losses and a 16 hour 
workday, the process steam load is found to be: 
(3700 lbs. per hr)(16 hrs) (365 days) = 
21,700,000 lbs. of steam annually 

De Heating load 
Based on total steam generated, less the sum of auxil- 
lary steam load, line loss, hot water load and process 
steam load 
auxiliary load = 39,397,561 
heating load = 167,267,490 lbs. of steam annually 

VI. Annual operating costs 

& Fuel oil 
Based on the current fuel oil rate of $0.0575 per gal. 
of fuel oil 
(2,383,248 gals.) (0.0575) = $137,039, 

B. Water 


1. Unit cost of water 





Ce 


D. 


Be 


$0.25/1000 gal. - first 12,000,000 gals. 
$0.15/1000 gal. after 12,000,000 gals. over a 6 
month period 

Ze 1959 usage 10,738,300 gals. 


3. Cost of water for 1959 $2684. 


Cost of electrical power 


1. Unit cost of electricity $0.01 per KW-hr 


Qe Cost of ellectricity for 1959 


76 


cost = (KW demand) (load factor) (hrs operated) (power 
rate 


KW deman@ = 112.5 KW based on connected electrical 


load for peak steam load of 150,000 
lb. per hr 


Load factor is based on the percent of plant out- 


put compared to plant capacity = 


los. of steam generated annually 
lbs. of steam that could be generated at constant 


load of 150,000 l1bs./hr 
hours operated = 8760 hrs per year 
power rate = $0.01 per KW-hr 


cost of electric power = $2105. per annum 


Operation supplies 


Based on the total operation and maintenance supplies 
costs for 1959 of $7500. an arbitrary estimate of 


$1500. is made for operation supplies. 


Operations labor 





Taiaelte Number Wages Fringe Benefits Total 
Enginemen 4 $23, 546. 


Leading firemen 4 21, uel. 





Ins 


Ge 


He 


IL 


Je 
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Title Number Wages Fringe Benefits Total 
Firemen 8 $38,216. 

Steam fitters 2 Ce f4l. 

TOTAL 20 $90,694. $4,535. 3951229. 


Maintenance labor 


Tithe Number Wages Fringe Benefits Total 
Maint. men 3 $15,893, S$ 794. pil6, 687. 


Maintenance supplies 


Maintenance supplies $6000. (see D above) 


Supervisor and clerical costs 


Title Number Wages Fringe Benefits Total 
Plant manager 1 6 8,570. 

k iL Q. 
TOTAL 2 Oe 160s ob eOOee S12, 70a. 


Office supplies 


Estimated at $200. per annum 


Total operating cost 


$274,208. per annum operating costs 


Vil. Cost of system 


Ae 


B. 


Cost of central plant $1,890,699. 


(based on historical records) 


Cost of distribution system 


1. Based on historical records $122,295. 
2. Estimated cost of 1946 construction 


Based on 1960 construction costs scaled to 1943 


costs by Handy Construction Cost Index. 





Material: 


Beno fu 


1640 
glo 
588 

5430 
730 

2460 

1610 
700 


630 


ft 


ft 


ft 


1$" pipe and 
— §2" “pipe and 
- 25" pipe and 
- 3" pipe and 
- 4" pipe and 
- 5' pipe and 
- 6" pipe and 
- 8" pipe and 
- 10" pipe and 
- 12" pipe and 


covering 
covering 
covering 
covering 
covering 
covering 
covering 
covering 
covering 


covering 


$ 25509. 
1, 546. 


1,149... 


837. 
ithreslies 
2,164, 
8,935. 
8, 345, 
4, 597. 
eave 


390 ft - 14" pipe and covering — 3,663. 


TOTAL $50,925-~ 
Costrof installation .1cve. 

(1.5) (material cost) 76,387 
TOTAL b127eel2. 
1946 cost D, (Ony oo. 


Cost of conduit and tunnel 


1960 ft. at $18.40 per ft. in 1960 


1946 cost $20, 500 


Total 1946 estimated cost 


3. Total distribution system cost 


VIII. Fixed cost 1959 


Ae Depreciation 


8 


91,2336 


SUU2 5295. 


Based on 20 years straight line depreciation 


Cost of central plant 


$1,890, 699. 


*See Appendix D for basis of installation costs. 
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Be 


Cost of distribution system Ay? 2 
TOTAL $2,332,994. 
ee = $116,649. per annum 
Interest 
Based on a Los, % interest rate 
¢ 
(BE) (0.045) ($2,332,994) = $55,117. 
Taxes 
Based on the location of the plant and 1959 tax rate 
of 368.54/1000. 
60.5 
Insurance 
Based on an evaluation by the New York Underwriters 
0.044 ae 
($2,332,994) (Foo) = $1027. 
Total fixed costs 


$332,696. per annum 
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APPENDIX C 


Calculation of Cost with Reduced Personnel Level (Alternative 2) 


I. Basis of alternative 2 

A. Under this alternative no additional capital investment 
is required. This alternative simply reduces the oper- 
ating crew to the minimum safe level consistant with 
current practice. 

Bo Steam loads are based on calculated loads rather than 
historical 1959 loads so that a comparison of the alter- 
natives that will be investigated can be made. 

ii. Steam consumption and generation 

A. Line loss 

Same as historical 1959 — 47,304,000 lbs. per annum 
Be. Hot water load 

Same as historical 1959 - 5,734,160 lbs. per annum 
Co Process load 

Same as historical 1959 - 21,708,000 lbs. per annum 
Do. Heating load 

1. Building groups A,B,C,D, and E 

6319° days 


lbse steam 2 hr = 
(79,814 design hr aS F design’ (0229) 7 


151,235,136 lbs. per annum 
For annual cost use of factor of 0.875 for -l0°F 


in accordance with HVAC Guide; thus for groups A, 





B,C,D, and E 132,330,644 lbs. per annum 


Ae Group DS 


Based on 212 heating days and 35 avg. temperature 


(44.565 lbs. per design hr) (212 days) (20°F) (.875) a 


&0°F 
49,600,845 lbs. per annum 
Total heating load 181,931,499 lbse per annum 
Ee. Auxiliary steam 
(O14) (steam generated) (external load) = steam 
generated ; 
auxiliary steam = (0.16279) (external load) 
load = 256,677,659 
auxiliary steam = 41,784,556 lbse per annum 


Fe Summary 


1. Line loss 47,304,000 
2. Hot water load 5,734, 160 
3. Process load 21,708,000 
4. Heating load 181,931,499 
5. Auxiliary load 41,784, 556 
Total steam eo 298,462,215 lbs. per annum 
ion 


IIT. Annual operating costs 
Ae Fuel oil 
Based on the 1959 cost ($0.0575 per gal. of oil) of 


4.8801 x 107~ 


$/lb. of steam generated 
$145,678. per annum 


B. Water 
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“6 Soest 


Based on the 1959 cost of 9.5385 x 10 
steam generated $ 2,846. per annum 
C. Electric power 


6 $/lb. of steam gen- 


Based on 1959 cost of 705 x 10° 
erated $ 2,238. per annum 
D. Operation supplies 


Estimated $ 1,500. per annum 


Ee Operations labor 


Title Number Wages Fringe Benefits Total 
Enginemen > 5 $29,431. 
iremen by LOSS: 
TOTAL 9 $48,539. $2,427. $50,966. 
per annum 


F. Maintenance labor 
The same as historical 1959 $ 16,687. per annum 
G. Maintenance materials 
Estimated $ 6,000. per annum 
H. Supervision and clerical costs 
The same as historical 1959 $ 12,768. per annum 
I. Office materials 
Estimated $ 200. per annum 
Je Total operations cost $238,883. per annum 
IV. Cost of system 
The same as historical 1959 $2,332,994. per annum 
Ve Fixed Cost 


The same as historical 1959 S 332,696. per annum 
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APPENDIX D 


Installation of a New Distribution System (Alternative 3) 


Basis for alternative 3 
A. Under this alternative an additional capital investment 
is required. Considered is a steam distribution system 
adequate to serve the load without duplication or ex- 
cessive sizing of lines. 
B. Steam loads are based on calculated steam loads. 
Steam consumption and poner anion 
A. Line loss 
Based on the manufacturer's data* for recommended in- 
sulation for the pipe line sizes and lengths listed 
under IV below 
1,666 lbs. per hr in heating season (212 days) 
501 lbse per hr remainder of year (153 days) 
10,316,788 lbs. per annum 
B. Hot water load 
Same as historical 1959 5,734,160 lbs. per annum 
C. Process load 
Same as historical 1959 21,708,000 lbse per annum 
D. Heating load 
Same as listed in Appendix C, section II-D 


181,931,499 lbs. per annum 


*Johns-Manville Insulations Catalog ATA File No.37-D-2. 





Ke 


F. 


Auxiliary load 


14% of steam generated 


External load = 219,690,447 lbs. per annum 
Auxiliary load = 35,763,407 lbs. per annum 
Summa ry 
1, Lime loss TGR 2G, 755 
2. Hot water load 5,734,160 
3. Process load 21, 708,000 
4. Heating load 181,931,499 
5. Auxiliary load 35,763,407 
Total steam —- 255,453,854 lbs. per annum 
ion 


IiI. Annual operating costs 


Ae 


Be 


Ce 


Fuel oil 
Based on 1959 cost of 4.8801 x 10°" $/lb. of steam 
generated $124,684. per annum 
Water 


Based on 1959 cost of 9.5385 x 107° 


$/lo. of steam 
generated $ 2,436. per annum 


Electric power 


Based on 1959 cost of 7.5 x 107° $/1b. of steam gen- 

erated $ 1,915. per annum 
Operation supplies 

Same as Alternative 2 $ 1,500. per annum 
Operations labor 

Same as Alternative 2 $ 50,966. per annum 


Maintenance labor 


35 





Same as Alternative 2 
Ge. Maintenance materials 

Same as Alternative 2 
H. Supervision and clerical costs 

Same as Alternative 2 
I. Office material 

Same as Alternative 2 
Je Total operations cost 

Tie Cost of system 

A. Plant : 

Same as Alternative 1 
B. Distribution system 


1. Cost of vipe and covering 


Size Length Unit Price 
1” 3260 $ 0.5564 
a Wes 0.6623 
ls" 2967 0.7529 
2a = aps 0.9147 
2 | 32eF 1.3904 
oe 1887 1.6887 
4 4512 202912 
5a 2225 303446 
6" 2012 eOilen 
8" 2112 5.1831 

10"! 725 6.5677 

12 " 425 8.6998 


$ 16,687. per 


$ 6,000. per 


& 12,768. per 


$ 200. 


S287 , 156% 


o1, 890,699. 


Cost 


$ 1,814. 


1,142. 
Fan fe Ae 
17250. 
4,501. 


3,102. 


10, 330% 


7, 7425 


Sree. 


10,946. 


4,762. 
3,697. 


per 


per 


86 


annum 


annum 


annum 


annum 


annum 





o7 


Size Length Unit Price Cost 





i" 10.730 $ 201. 

TOTAL $68, 866. 

Note: (1) 25% has been added to the length of pip- 
ing to account for variations in horizon- 
tal measurements. 

(2) Unit cost is in $/ft. for pipe and cover- 
ing materials only, based on costs from 
Johns-Manville and Walworth Valve Company 

. catalogse 

(3) Length of pipe to be used for expansion 
joints of the loop style are not included 
under pipe but are in the tabulation of 
expansion joint costse 

2. Cost of fittings 


ize Number Unit Price Cost 


He 85 $ 02.96 $ 62. 
1" 46 1.15 53-6 
in 70 1.39 97. 
Zen 39 Lis?D 676 
in 64 2.79 179. 
3" 23 4.02 92. 
y 83 6.24 518. 
5" 51 14,12 Wee. 
6 " Lio Thgl/2 565. 
8" 22 26253 58h, 





Size Number Unit Price Cost 
10m! 7) $ 5523 $ 497. 
126 7 82.92 580. 
: L Ig les Leese 
TOTAL $6,267. 
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Note: (1) Fittings were estimated on the following 


basis ~ one fitting at each horizontal 


turn and three fittings at each build- 


ing entrance. 


sbuilding entrance is shown in Figure 17 


of Appendix D) 


(2) Unit price is based on Walworth Valve 


Company Price Sheet WC-—5 of January 28, 


1960 e 


3- Cost of valves 





(detail of a typical 





Size Number Unit Price Cost 
Le 2 $ 9.60 $ 115. 
13" 1 11.40 Tig 

3" 3 1300 39. 
om 3 16.80 50. 
$i a2 26 60 319. 
30" 6 37320 223+ 
ym 15 76.200 1,140. 
5.1 5 129.20 646. 
6 1 3 129 20 388. 
8g” 2 214.20 428. 





Size Number Unit Price Cost 
gre il 03.80 04. 


Note: (1) Unit prices are based on Walworth Price 
Schedule No. 9-F of December 10, 1959. 


Cost of expansion joints 


ize Number Unit Price Cost 
Single end - 4" traverse 
2" al $ lygeee $ 175. 
it a 243.20 243.6 
Sy 3 279 20 838. 
6" iL 312800 312. 
gi al 4O4 00 HOW. 
10" al 534.40 534. 
14" al 840 .00 840. 
Single end - 8" traverse 
dl il 176620 167m 
yi 3 25280 758.6 
6" 1 323.20 323. 
gt 2 416.80 834. 
12" a 70320 7oer 
Double end — 4" traverse 
1" 1 305.60 306. 
Gra 1 305-60 306. 
13" a 305.60 306. 
25K by 360.00 1,440. 








Size Number Unit Price Cost 
oe 4 $ 393.60 $ 1,574. 
yn di 467 «20 467 « 
a 6 537 660 37220 
6" 3 601.60 1,805. 

14" 1 1,609.60 iol. 

Double end - 8" traverse 
yn 5m 486.40 486. 
6y 1 624.00 624. 
Si a 806.40 806. 

10" il 1,063.20 1,063. 

Lym i 1, 668900) 1,668. 

Expansion loops 
1" iL 12.19 12% 
dle 1 19W.7 19. 

$ 4 24.58 98. 
an 1 36.19 Bie 
25" 2 55-65 121. 
yt 4 102.86 411. 
gu a 184.57 Toe 

TOTAL $22,690. 
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Note: (1) Unit prices for joints are from Yarnall- 


Waring Company Price List EJ No. 24 of 


January 1, 1960. 


(2) Unit price of loops is based on the 


following table: 





5M 


Fitting per Loop 


5 ee 1 


5- Gost of pumps 


Pump Nog, Bide. Now. Cap.{HPR) Head (nsi) Cost 


a 


CO “NI ONO OWN 


40 
38 
23 
20 
25 
24 


5g 


40 , 000 
6,000 
4,000 

40,000 

40 , 000 
1,000 

65,000 

16, 000 
6,000 

12,000 

20,000 
6, 000 
5,000 
4,000 
6,000 


30, 000 


Be ate 
22 tie 
Za ite 
32 eine 
BY ec 
Si) aie 


33 ft. 


Length of Pipe 


LOO 


75 
ie 
(2 


$ 
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Unt’ Cost 


12aa0 
ne) 
24.58 
36.19 
55065 


102.86 


$ 


660. 
3726 
332 0 
636. 
636. 
325 0 
644, 
520. 
3726 
470 6 
455. 
3726 
3726 
3326 
3350 
512. 





TEER 





Pump Noe 


lee 
Tks, 
1) 
20 
21 
22 
23 
24 
25 
26 
ay 
28 
29 
30 
31 
32 
33 

by 


TOTAL 


Bldg. No. Cap.(EDR) 


110 
110 
121 
123 
126 
125 
130 

30 

22 


65,000 
30, 000 


12,000 


44,000 


40,000 


40,000 


4,000 
5,000 
2,000 
4,000 
1,000 
1,000 
6,000 
6,000 
1,000 
1,000 
5,000 


000 


Head (psi) 
50 
50 
30 
30 
30 
30 
30 
eS 
15 
30 
eS 
15 
iu 
15 
15 
15 
15 
1 


Cost 


$ 


$12, 


Note: (1) Cost of pumps is based on the use of 


Sterling 3500 series. 
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684. 
Slee 
363. 
492. 
438. 
492. 
249. 
160. 
150. 
249 6 
150. 
150 . 
160. 
160. 
150. 
150. 
lei. 
150. 


364. 


Condensate pump 


price includes tank, pump, motor, con- 


trols, and base. 


Cost of traps 


70 traps at $22.31 each 


$1,562. 
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7+ Cost of overhead support between buildings 


Building to Building 


LO 
20 
2 
20 
Zo 
20 
2u 
35 

105 

105 

110 

110 

110 

110 

115 

115 

110 

108 
72 
Ly. 
16 


TOTAL 


*Intermediate support is necessary. 


38 
Zz» 
30 
2S 
22 
2u 
£5 
105 
103 
110 
125 
121 
112 
115 
120 
114 
108 
ly 
U5 
16 
17 


Length 


70 
HO 
50 
20 
80 
60 


50 


Wire Hardware 
Cost _ Cost Total 


$23. = Zee Lo eee. 


late 20 Bic 
Wee ZO 36. 
r 20% Zils 
AS 20% 46. 
20. 20. WO. 
suey 20. 36. 
1c 20. 33 
13. 20). 33-6 
26. ZA )e 46. 


HO. 290.* 330. 


gis 206 33° 
7 20. Pie 

HOR 20% 30. 
a6. 20. 36. 
20. 20 WO. 
ve 206 200 

Hie 20. 30. 
oe 20. 336 
Bk 20%. ey 
ise 20. Br 
a0) aor O. 
$1,055. 
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Note: (1) Hardware consists of turnbuckles, eye- 
bolts, and backing plates. 
8. Cost of conduit 
1090 ft. at $7.36 per ft. $8, 022.0 


9. Summary of material costs 


a. Pipe $ 68,866. 
be Fittings 6,267. 
ce Valves 3,863. 
ad. Expansion joints 22,690. 
ee Pumps 12,364. 
f. traps 1,562. 
ge Overhead suspension 1, O556 
he Conduit 8,022. 
ie aterials* 1 18,703. 

TOTAL $143,392. 


10. Installation cost 
To arrive at labor cast, a typical section of the 
line was considered (service to Buildings 20,25, 
and 30). A detailed estimate of cost was made for 
this section. 
ae Material costs 
(1) Pipe and covering 
Size Length Cost 
6" PoORstL a yece 


i 24) ft. 802. 


*Includes such materials as sleeves, pipe supports, etc. 





(2) 


(4) 


(5) 


(6) 


(7) 








n 00 ft. 40. 
TOTAL $2,064. 
Fittings 
Size Number Cost 

oy 2 $ 28. 
bs 8 LAs 

: 28. 
TOTAL $169. 
Valves 





un 2 $152. 
Bi ny 37s 
RODAT $189. 


Expansion joints 


ize Number Cost 


SI 1 $601.60 
i al 60 

TOTAL $995. 

Traps 

3 traps $ 67.6 


Overhead suspension 

Bldgs 30 to 25 $ 37. 
Bldg. 25 to 20 33. 
TOTAL » 70. 


Miscellaneous materials 


5 
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15% of other materials $ 533- 
(8) Cost of materials 
Ife fot ei 5-677 = 8 Sia. 


b. Labor costs 


Unit Time Man Days 
Operation of Operation Mechanic Helper 
(1) Place mate- Ee 6 
rial on job 
(2)Supports 80 supports, 360 
cut and thread 
rods 3/hr 
E mount supports 30 320 
2/hr 
(3) Place 2 lengths/hr 205 Zo 
pipe in 
supports 
(4) Weld 3 joints/day 13.0 10 
joints 
(5)Insulation 20 ft/hr 5.0 520 
straight pipe 
3 hr/fitting 3.0 3.0 
(6)Clean up 1.0 1.0 
TOTAL gies Zoe) 


(7)Labor mechanic $7.50/hr $60.00/day 


$1,890. 
Helner $5-50/hr $44.00/day 1,254. 
TOTAL $3,144. 
Ce Summary of contract costs 
(1) Material $4,087 6 
(2) Labor 3,144. 


(3) Contingency (10% of labor) 314. 


- 


sett: «ome 
— oe - 


9. ati 





He 


(4) Overhead (10% of (1),(2),and (3))$ 754. 
2h 
99 5543.6 


On this basis it can be seen that 1.5 x mate- 


(5) Profit (15% of (1 and (4 


TOTAL 


rial cost is approximately the cost of labor, 


contingency, overhead, and profit. 


Installation = (1.5)(material cost) $215,088. 
de Summary of distribution system cost 
(1) Material cost $143,392. 
(2) Installation cost 215,088. 
TOTAL $358,480. 
€. Toual cost 
I Plan $1,890,699. 
2 Distribution 358,480. 
TORE? $2,249,179. 
Ve Fixed costs 


A. Depreciation 


32,249,179. 
20 years 


Be Interest 


$112,459.per annum 


43% interest rate 
(2241) (0 045) ($2,249,279-) 


Ce taxes 


(G08) ($2,209,179.) 


D. Insurance 


30.044 
(Peto) (8242491279) 


$ 53,137-per annum 


$154,158.per annum 


a 


p 990.per annum 





Be 


Total fixed costs 


AABACHD=E 


$320, 744.per annum 


G8 
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APPENDIX E 


Installation of an Automatic Boiler for Process Load during the 


Non-heating Season (Alternative 4) 
Ie Basis of Alternative 4 
A. Under this alternative an additional capital investment 
is required. The existing distribution system is uti- 
lized wherever possible. 
B. The steam loads used under this alternative are based on 
calculated ste loads. 
1 Steam consumption and generation 
a. Line loss 
Based on a 212 day heating season 
lo Line loss during heating season 
(212 days) (24 hrs) (5400 1b./hr) 
27,475,200 lbs. 
2. line loss during non-heating season 
(153 days) (24 hrs) (373 1b./hr) 
1,369,656 lbs. . 
28,844,856 lbs. per annum 
Be Hot water load 
Same as Alternative 2 5,734,160 lbse per annum 
C. Process load 
Same as Alternative 2 21,708,000 lbs. per annum 
D. Heating Load 


Same as Slternative 2 181,931,499 lbs. per annum 





Ee 


F, 


Auxiliary load 
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14% of steam generated 40,779,592 lbs. per annum 


Summary of loads 


1. Line loss 28, 844,856 
2. Hot water load 5,734,160 
3. Process load 21,708,000 
4. Heating load 181,931,499 
5. Auxiliary load 40 779,107 


Total steam generated 278,998,107 lbs. per annum 


ITI. Annual operating costs . 


He 


B. 


Ce 


Fuel oil 


Based on 1959 cost of 4.8801 x a $/lb. of steam 


$136,154. per annum 


Water 


Based on 1959 cost of 9.538 x 10° Sy1b. of steam 


$ 2,661. per annum 


Electric power 


Based on 1959 cost of 7.5 x 107° $/lb. of steam 


$ 2,092. per annum 


Operation supplies 


Same as Alternative 2 $ 1,500. per annum 


Operation labor 


Title Number Wages Fringe Benefits Total 





Eng inemen 5 $29,431. 


Firemen 4 11,942. 


(5088 _ hrs) | 


TOTAL $41,373. $2,069. $43,442, 


per annum 





F, Maintenance labor 





Title Number Wages 
Maint. Men 2 Sihealiese 
Firemen Ly 7 les. 


Fringe Benefits 
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Total 


(2944 hrs) 


TOTAL $18,291. 


G. Maintenance materials 
Same as Alternative 2 

H. Supervision and clerical costs 
Same as Alternative 2 

I. Office materials 
Same as Alternative 2 

Je Total operation costs 


any. Cost of system 





$914. 


$19,205~ 


per annum 


$ 6,000. per annum 


$ 12,768. per annum 


& 200. per annum 


$224,022. per annum 


A. Plant $1,890,699. 
B. Distribution system $ 442,295. 
Ce. oOummer system 
1. Material cost 
ae Pipe and insulation 
Size Length Cost 
6" LOO. ft. aE Ose 


13"_—+300 ~ft. 226. 


TOTAL 


be Fittings 


Size Number Cost 


$226. 





et 16 


Pllmeoi-. 





Ce 


Ls 


51 Ze Number Cost 





12 1 $ 504. 
gn i 350. 
6" 2 258.6 
5M 1 1265 

TOPAL = Sie 


Additional support $87. 
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Boiler - to be housed in the vacant area of 


Building 110 


Cost of equipment* 


($1.25 $/1b./hr) (15,000 lb./hr) = $18,750. 


Remove and reinsulate pipe as necessary 


Size Length Cost to Clean 
6" 340 ft. 14.40$/100 ft. 
un = 600 ft. 14.40$/100 ft. 
ait = =690 ft. 14.403/100 ft. 

t 400 ft. 14.403/100 ft. 
L330 entre $192. 
Summary of material costs 


(1) Pipe and insulation 


(2) Fittings 


3 473. 
381. 
“66 
183. 


Pls Bie 


Slgesie 


248. 


*Clever Brooks preliminary cost estimate by letter of April 


28, 1960. 


insulation Cost 





107 


(3) Valves S Aseuals 
(4) Support 87. 
(5) Boiler 18,750. 
(6) Insulation 108. 

TOTAL $23,240. 


hee installation cost 


1.5 X $23,240. $34, 860. 
Cleaning pipe 192. 
TOTAL o oon. 


ie Total-cost of summer system 


Material $23,240. 
iimshad lation 355052 - 
TOTAL $58,292. 


D. Total system cost 


1. Plant $1,890,6996 
2e Distribution system HU? , 2956 
3. Summer system 58,2956 
TOTAL $2, 391, 289. 
V. Fixed costs 


A. Depreciation 


20 years $119,564. per annum 


B. Interest 


Based on 43% for 20 years 


(29-£-4) (0.0145) ($2, 391 289.) $ 56,494. per annum 


Ce Taxes 





(Bobs 5) ($2, 391,289.) 


Dee Insurance 


(BDe0Hy ($2, 391,289.) 


Ke oummary of fixed costs 


AABACH#D=E 


$163,898. per annum 


$ 1,052. per annum 


$341,008. per annum 
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APPENDIX F 


Re-insulation of Existing Distribution System as Required (Alternative 5) 


ce Basis for Alternative 5 
A. Under this alternative a capital investment must be made. 
It is assumed that 50% of the insulation within the build 
ing has deteriorated or is non-existent. 
B. The steam loads used under this alternative are based on 
the calculated steam loads. 
Il. Steam consumption and generation 
A. Line loss 
Based on the assumption that the pipe insulation to be 
replaced has allowed approximately twice the heat loss 
of a properly insulated pipe, a savings of 3, 336,220 
lbs. of steam per annum could be realized. 
Line loss 
47,304,000 - 3,336,220 = 43,967,780 lbs. per annum 
B. Hot water load 
Same as Alternative 2 5,734,160 lbs. per annum 
C. Process load 
Same as Alternative 2 21,708,000 lbs. per annum 
D. Heating load 
Same as Alternative 2 181,931,499 lbs. per annum 
Be Auxiliary load 


14% of steam generated 41,575,075 lbs. per annum 





F. 


eer. Annual 


A. 


He 


Summa ry 
im Lane loss 43,967,780 
2. Hot water load 5,734, 160 
3. Process load 21,708,000 
4. Heating load 181,931, 499 
5. Auxiliary load 41, 575.075 


TOTAL steam gener- 
ated 


operating costs 


Fuel oil 


294,916,414 lbs. 


Based on 1959 Seat of 4.8801 x 107 $/lb. 


Water 


$143,922. 


Based on 1959 cost of 9.5385 x 107° $/1b. 


Electric power 


Based on 1959 cost of 7.5 x 107° Sib. of 


Operation supplies 

Same as Alternative 2 
Operation labor 

Same as Alternative 2 
Maintenance labor 

Same as Alternative 2 
Maintenance materials 

Same as Alternative 2 


Supervision and clerical costs 


$ aay 813. 


S 2e2lce 


$ 1,500. 


> 50,966. 


$ 16,687. 


® 96,0006 


per annum 


of steam 


per annum 


of steam 


per annum 


steam 


per annum 


per annum 


per annum 


per annum 


per annum 


112 





Same as Alternative 2 $ 12,768. per annum 
I. Office materials 

Same as Alternative 2 $ 200. per annum 
Je Total operations cost 

AA/BACAD-AEAFAGAHAT=AT 

$237,060. per annum 
EV. Cost of system 

A. Plant $1,890,699. 
B. Distribution svstem $ 442,295. 
GC. Rehabslatation of insulation 

de Material 


Size Length Unit Price Cost 








2st 62 $0.548 $ 34. 
yn 625 0.822 514. 
5" 200 0.950 190. 
6" 155 1.096 1,156.6 
8" 460 1.85 851. 
10" 205 2.09 428. 
12" 4 2-34 807. 
TOTAL $3,980. 


2s Installation cost 
(1.5) (material cost) = $5,970. 
3. Cost of removal of old insulation 
2052 ft. @ 14.40$/100 ft. = $295. 
4. Total cost of rehabilitation 


ae Remove old insulation $ 295. 


113 





b. Material cost $ 35980. 
ce Installation cost 5.970. 
TOTAL $10,245. 


D. Total system cost 
AAB#C#=D $2,343,139. 
Ve Fixed costs 


A. Depreciation 


$2 343,139. 
20 years $117,157- 


Be. Interest 


Based on 43% interest for 20 years 


(20-£ 2) (9,045) ($2,343,139) $ 55,357» per 


2(20) 


C. taxes 


(208-54) (45 343,139.) $160,599. per 


$1000 
D. Insurance 


(20-Obt ($2, 343,139.) 


Me lotal’ fixed costs 


ieee Ch? D =f $334,144. per 


per 


CU Ostaaper 


annum 


annum 


annum 


annum 


annum 
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